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1 INTRODUCTION 
The Range Management Handbook Project is a collaboration 
project between the Ministry of Livestock Development of Kenya 
and the German Organisation for Technica! Cooperation (GTZ). 
It aims at the inventory of the potential for extensive range-
land use of the dry northern and northeastern regions of 
Kenya, through studies on climate, landforms, vegetation, 
soils and hydrological and socio-economie aspects. 
It is the purpose to present the results of these inventories 
per District in the form of 1 : 1 million scale maps and their 
interpretation . Haps and reports should be easily intelligable 
to staff of the extension services and planning division of 
the Ministry of Livestock Development. 
The Winand Staring Centre (formerly STIBOKA) already partici-
pated in the inventory of landforms and soils of Marsabit and 
Wajir Districts . The present report deals with the landforms 
and soils of Mandera District. As was the case with former 
district survéys, the present one is based on satellite image 
interpretation and a restricted amount of field observations. 
Field checks were directed towards the assessment of range 
potential rather than towards the execution of a conventional 
11multi-purpose 11 soil survey. Hence it is preferred to use the 
term "Site evaluation for rangeland use" as subtitle for these 
land inventories. 
Acknowledgements are contained in the mission report , Annex r. 
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2 METHODS 
2.1 Genera! 
Survey methods have been discribed in a separate volume, deal-
ing with the genera! approach to small-scale inventories of 
soil and vegetation resources in the context of the Range Man-
agement Handbook Project (Touber, 1988) : Aspects of this 
methodology, as far as specific for the present survey, will 
be only dealt with here . 
2.2 Materials 
All existing previous studies concerning the area were con-
sulted as much as possible during the interpretation of satel-
lite imagery. These comprise mainly the Exploratory Soil Map 
of Kenya (Sombroek et al. , 1982) and all available geological 
maps and reports. The literature list contains these 
publications. · 
When preparing field surveys, much emphasis is given to inter-
pretation of remote sensing material. Use was made of a 
1 : 500 000 scale mozaic of Landsat images taken during the 
dry season of 1976. Additional individual images of January 
1979 were also used. In addition to the rather outdated 
1 : 250 000 scale topographic shee ts, information on the 
location of oil company exploration lines was used (BEICIP , 
1982). 
2.3 Survey activities 
Field survey was started in the last week of June , 1989 , and 
completed half July. Towards the end of the survey two recon-
naissance flights were made over the District , in order to 
view areas that otherwise are inaccessible . 
The number of actual field survey days that were spent on 
field data gathering amounts to eighteen . A total of 103 ob-
servation points were established, at which points both the 
soil surveyor and the vegetation scientist recorded their data 
simultaneously . Apart from recording field data at these 
points, vegetation and soils were viewed while travelling 
between points. Fig . 1 gives the locations and reliability 
diagram. It may be clear that not all landform/soil/vegetation 
types have been covered by field visits as one would judge 
necessary for a 100% reliable description. This is however 
inherent to the scale at which the Projec t operates, and not 
in conflict with the planned projec ts output , which calls for 
a genera! overview of the natura! r esources of each District. 
' " 
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The vegetation scientist initiated interviews with local 
people, knowledgeable as to the performance of the habitat as 
rangelanà, and as to plant species. Vernacular soil names were 
included in the obtained information. These names denominate 
rangeland habitats rather than mere soil types, and contain 
information regarding preferences of livestock and constraints 
to pastoralism during the various seasons. This type of data 
is obviously very valuable for the evaluation of soil and 
vegetation data for rangeland use. This complies also with one 
of the requirements of the Handbook: Thahks to the local 
terminology the information is more accessible and useful to 
the local authorities. 
2.4 Hap and report preparation 
Map and legend have been prepared according to the standard 
procedure as described in volume I of the Handbook . The 
1 : 500 000 scale satellite image interpretation map has been 
corrected and amended according to the field data . The final 
basic document is a landforms and soil.s map at scale 
1 : 500 000. Ozalith prints of this map are available on 
request from the Kenya Soil Survey at NAL and/or the Range 
Management Handhook Project, GTz ; ·Nairobi . The final map for 
the Handbook is 'a simplified, reduced version at scale 
1 : 1 000 ·ooo. All further · information contained in the 
present report is based · on this map. 
LANOF"o~MS AH!) 501~":> ot: 
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3 SURVEY RESULTS 
3.1 Summary of landforms , r ock types and soils of Mandera 
District 
Mandera District is dominated by an almos t flat to gently un-
dulating relief, that rises gently from the Soutwestern plains 
round Lagh Kutulo towards the North and Northwest. The Western 
part of the District, West of Lagh Kutulo, i s part of the 
end-Tertiary Peneplain, formed in Precambrian Basement System 
Rocks. 
Associated with these peneplains are individual high rocky 
hills (mapping unit 1: HU), each of which is surrounded by 
long, gently sloping footslopes (mapping unit 4: FU). These 
consist of material, colluviated from the hills upslope, 
forming very deep red and reddish brown sandy clay loam soils. 
In many plaées these are badly eroded. 
The surrounding end-Tertiary Peneplain consists of a well 
drained, very ·gently undulating part and an almost flat area 
with imperfect drainage conditions . The farmer (mapping unit 
12: PnU) bears very deep, dusky red coarse sandy clay soils, 
while the latter has calcareous, saline clays with a loose , 
dusty surface layer (mapping unit 18: PXl}. 
All landforms east of Lag Kutulo, occupying the larger part of 
the District , are originated in almost horizontal strata of 
limestone and sandstone of mesozoic age. 
Most conspicuous are the Bamba Hills, which are clusters of 
high, narrow table lands, remnants of a strongly dissected, 
high level sandstone plateau. The hills stretch in a SW - NE 
zone from north of El Wak towards south of Ramu (mapping unit 
3: HS). The soils are shallow, rocky and stony , fine sands and 
loamy fine sands , in which erosion is devastatingly active. 
At the foot of these Bamba Hills , and towards the South-East, 
almost flat Piedmont Plains have developed (mapping unit 5: 
YS), where , due to run-off water from the hills , agricultural 
activities (sorghum) are common. The Piedmont Plains merge 
gradually into Sedimentary Plains (mapping units 14 - 17: PS). 
These stretch towards the South and South-East into Somalia. 
Soils are well drained, very deep loamy fine sands and fine 
sandy loams, which are locally of very poor chemical composi-
tion. 
North and North-West of the Bamba Hills, the land consists of 
Limestone Plateaus (mapping units 6 and 7: LL). These rise 
gradually towards the highlands in Ethiopia. Near to the 
Ethiopian border this high land is deeply dissected by the 
Dawa River and its tr i butaries (mapping units 2 and 10 : HL and 
UL} . The Limestone Plateau bears only partly a deep clay loam 
soil cover (mapping unit 7: LL2). The major part has shallow, 
rocky soils, l i ke the dissected uplands and hi lls. 
Figure 2 gives a simplified illustration of the distr i bution 
of landforms and geology . 
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3.2 Local soil names and mapping units 
3.2.1 Gener al 
As indicated in the chapter on methodology , data have been 
gathered at each observation point concerning the local 
herdsmens appreciation of the soil and vegetation type en-
countered. 
Local soil names and a concise characterization were already 
published by Chambers (1969). This information can be sup-
plemented by results of the survey of Wajir District and that 
of the present survey . The vernacular names are words of the 
Somali Language. 
These local soil names , in contrast to international soil 
classification names do not reflect mere profile characteris-
tics, but rather denominate an environmental totality in which 
livestock production aspects are highlighted. In this way a 
type of rangeland is defined in terms of benefits and limita-
tions to nomadic pastoralism. 
It may be clear that this "holistic" character of the local 
soil name enables a correlation with the physiographic mapping 
units as identified with the help of remote sensing material . 
The landforms and soils map legend (see separate sheet) 
contains a column in which these local soil names are mention-
ed for most units. The following section gives an explanation 
of these terms. 
However, there is reason to apply the local terms with plenty 
of cautiousness. During the present survey it appeared that in 
Mandera the term Adabla is used for soils that in Wajir are 
known as Boji; and that the term Boji in Mandera is used for 
soils known as Kunya in Wajir. 
For correlation purposes in Northeastern Province, the "Wajir 
concepts" are used in this report. 
3 . 2.2 Description of local soil names 
The most obvious division between soil - vegetation complexes 
goes along with well drained areas of higher grounds on the 
one hand, and imperfectly to poorly drained low lands on the 
other: The high grounds usually bear soils that are relatively 
poor in mineral supplies, whereas the mostly dark clay soils 
of the lowlands are very high in mineral content. 
This situation is one of the important elements that dictate 
the movement of livestock throughout the year . Reportedly most 
of the high grounds are suitable for year round use, but in 
the rainy season the animals need to travel into the low lands 
for mineral supplies. They stay in these areas generally for 
several weeks, depending on the mineral richness of the soil. 
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As soon as the feeding on this mineral rich vegetation is 
considered sufficient, the animals are brought back to the 
high grounds, later in the wet season. This is the period when 
the animals are supposed to "fatten" and build up their 
reserves. 
The well drained soils of the high grounds are known as 
Wayama, Bay and Rama . Mineral rich soils of the low grounds 
are Adabla, Boji and Runya. 
The soils of the higher grounds are further separated accord-
ing to texture: Wayama and Bay are terms used for soils with 
loamy to clayey textures, while Rama stands for sandy soils. 
The latter offers relatively more grass vegetation , while 
browse on Rama soils is considered of relatively poor quality. 
This means that Bay and Wayama are camel and gaat country , 
while Rama is used for cattle rather than for camels. 
Wayama, Dada Wayama 
Dusky red coloured soils with a significant amount of clay are 
called Wayama. These soils support annual and perennial 
grasses, a vigorous shrub growth and scattered tal! trees. 
They are encountered almost exclusively on the non-dissected 
erosional plains (Mapping unit 12: PnU) and the footslopes 
(Mapping unit 4: FU). The area is appreciated prevailingly as 
year round browse country for camels and goats. The soils and 
forage do not contain sufficient mineral supplies for a good 
milk production; hence the animals are moved to Adabla or Boji 
soils during part of the rainy season . 
Bada wayama is used for Wayama soils in high level country , 
such as around Banissa, where conditions are considered toa 
cold for goats. (mapping unit 9:LS). 
N.B . In some areas the term Wayama is considered synonimous 
with Bay gadud. 
Bay, Bay gadud and Bay ad 
The word Bay means "dense bush" ; gadud means "red" ; ad means 
"white" or "light coloured". 
Bay stands for areas with wel! drained loamy and (non -
cracking) clay soils, mostly in association with stoniness and 
rockiness. Bay produce browse rather than grazing. 
Bay gadud soils are considered by some people similar to 
Wayama, but with denser bush. In Mandera Bay gadud concern 
moderately deep , dark red calcareous clay soils of the eastern 
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part of the Limestone Plateau (Mapping unit 7 : LL2) , and Plains 
on limestone (mapping unit 13:PL) , as well as the very deep red 
fine sandy loams of the Sedimentary Plains (mapping unit 14: 
PSl). 
Host of all Hills and Uplands , as well as the Limestone 
Plateaus with prevailing shallow soi ls (mapping unit 6: LLl) 
are considered Bay and Bay ad. 
Rama, Rama ad, Rama labeb, Rama tunbuh 
Very deep sandy soils , mostly of a reddish brown or ·brown 
colour , are indicated by the name Rama. These soils support 
mostly annual grasses , and a less vigorous shrub and tree 
vegetation. The vegetation on this soil type is known to 
become green relatively late i n the wet season , and to dry out 
early. Herdsmen avoid to bring camels to Rama soils as the 
quality of browse is less than on Bay and Wayama. Grasses are 
palatable for camels , but the animals "do not like to bend 
down". 
Rama ad ( "white" Rama) is an even poorer var i ety of Rama 
soils . 
(N.B.: The Rama ad as described for the Habaswein area , Wajir 
District , represents a local situation, typical only for that 
area.) 
The construction of dams and waterpans is not feasible on Rama 
soils. 
Rama labeb is an intergrade type of soil between Rama and Bay 
or Wayama . In fact this is the more common type of Rama in 
Handera District , and is typical of the sandy Sedimentary 
Plains (mapping unit 15: PS2). 
Rama tunbuh is a very sandy variety of Rama , and considered as 
very poor rangeland for camels. It is found around Wajir town, 
and locally in the Sabule area, Wajir District. 
Boji, Adabla 
The larger part of the "grey clay plains" (or "Black cotton" 
soils) in the Northeastern Province are indicated by so called 
Boji and Adabla soils. These are deep cracking heavy clay 
soils, which are in most places calcareous and saline at some 
depth. In the dry season a loose dusty surface layer covers 
the cracking clay. 
The habitat of Boji soils is considered the best for all stock 
in comparison with the other soil types. If water is avail-
- r ," 
. , 
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able, the area offers year round grazing of good quality 
(mineral supply and water content) and reportedly in suf-
f icient quantity. The relatively high salt and mineral content 
of the forage makes animals gain weight and yield more milk. 
In Mandera typical Boji are found in the Bottomlands {mapping 
unit 22: BX), that receives run-on water , and carries high 
potential perennial grass vegetation. 
Adabla soils have a characteristic natura! vegetation of 
Acacia reficiens and A. mellifera, together with some much 
appreciated evergreen trees. This type of soil has reportedly 
agricultural potential, more than Boji , due to its "workable" 
soft surface layer. Camels reportedly cannot feed longer than 
several weeks on the vegetation of these mineral rich areas: 
in some places camels even should not stay more than ten days 
in the wet season; otherwise they would 11 grow weak 11 due to a 
too strong mineral intake. Cattle, however, can stay as long 
as there is forage available. This restriction is typical of 
Adabla soils; on Boji animals can feed yearround. Adabla soils 
are used again in the late dry season if no alternative is 
available, because of the evergreen vegetation. 
During the rains, the surface of Boji and Adabla soils turns 
muddy and slippery. Animals, in particular camels , have dif-
ficulties in moving across such areas. Soils of the Boji / Adabla 
type are unsuited for pan or dam construction due to the 
swelling and shrinking properties of the clay . 
In Handera people do not differentiate between these Wajir 
concepts of Boji and Adabla: Both are indicated as Adabla . 
(N.B. The term Boji is used by Mandera people for soils that 
in Wajir are known as Kunya. These soils hardly occur in 
Mandera District.) 
Wada is land that intergrades between Adabla/Boji and 
Wayama/Bay gadud. It is considered the best type of land for 
all stock in all seasons, second to Boji. It is especially 
good for camels and goats: milk production will be very high, 
and the animals can build up reserves long into the dry 
season. However, the mineral supply is only sufficient for 
goats: other stock need supplementary feeding on Adabla or 
Boji vegetation. Wada occurs extensively in mapping unit 24: 
PL + PX. 
Bokol is another soil type, rich in minerals. The light 
coloured, dusty clay loams over shallow, gypsiferous secondary 
limestone as found around El Wak are indicated by this name . 
This type of rangeland is preferably used for sheep , and 
avoided by camel herders: camels will not build up reserves 
(mapping unit 17: PS4, and toa certain extent also in mapping 
unit 16: PS3) . 
3.3 
3.3.1 
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Evaluation of soil properties relevant ro primary 
production and range management aspects 
Gener al 
Hethods of data gathering and interpretation is contained in a 
separate volume (see Touber , 1988). The system followed is 
based on the Framework for Land Evaluation (FAO, 1987). Which 
parameters play a role and how these data are interpreted is 
briefly summarized here. 
Within a given climatic zone the availability of soil water 
and of nutrients are the land qualities that have a prevailing 
influence the primary production of rangelands. Land qualities 
that are related to aspects of management are erosion hazard , 
accessibility for livestock and possibilities for the con-
struction of pans and dams. 
In reality more parameters are of influence of course, but 
data on these are not obtainable in the context of the present 
site evaluation , or are judged of less importance in Handera 
District. The landqualities are rated in the following sec-
tions, in ord~r to establish a comparison among the various 
mapping units identified. The figures given do not pretend to 
have any absolute value or quantitative connotation. 
The descriptions that were given of the range types that were 
indicated with the vernacular soil names in the former section 
revealed in particular also the dynamic aspects of the land 
use type of nomadic pastoralism in Northeastern Province. This 
confirms once more the need to evaluate mapping units per 
season and per livestock type; and that in most cases adjacent 
mapping units of complete different qualities are complementary 
parts of one unseparable land use system. With other words, 
one 11bad 11 soil type next to a "bad" soil type of another kind, 
may together compose good rangeland for nomadic pastoralism. 
3.3.2 Water holding capacity 
Soil moisture availability depends on the course of the rain-
fall /evaporation ratio through the seasons; the infiltration 
capacity of the surface soil; the available water capacity of 
the soil material and the depth of the rooting zone. 
Infiltration capacity depends on the porosity of the surface 
soil, which in turn is influenced by such parameters as vege-
tation cover , soil texture , soil structure and organic matter 
content. Important is that the surface soil is not "sealed11 • 
This is the case on "overutilized" soils , where due to too 
frequent grazing and trampling the vegetation cover , the 
organic matter content and hence structure stability and 
porosity have diminished. A low infiltration capacity causes 
\ 
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(part of) the rainwater to run off along the surface. This 
water will not become available to the vegetation on the soil 
where the rain falls. Available water capacity is estimated 
according to its connection with the soil texture (see 
separate volume on methodology). The depth of the rooting zone 
may be limited by shallow rocks or an abrupt change in texture 
or a change in chemica! composition, such as a strong increa&_ 
with depth in salinity or sodicity. 
Table 1 gives a comparison among the mapping units concerning 
effective soil depth, available soil water capacity and 
eventual run-off losses. A combination of these is given as 
11 final rating", of water holding capacity in a separate column. 
These ratings are expressed on the map of figure 3 . Constraints 
to the productivity of standing erop in grazing land due to 
limited soil moisture availability are found on shallow stony 
soils of the Hills and Uplands (Mapping units 1 - 3 and 10: 
HU, HL, HS and US). Both the limited rooting space and run-off 
losses are ~rominently unfavourable conditions. 
However most of the almost flat to very gently undulating 
Plains and Bottomlands have no significant restrictions in 
water holding ·capacity. This is mostly due to either a limited 
run-off loss in relation to the almost flat relief , in combi-
nation with deep soils and good infiltration capacity. The 
best ratings are attributed to lower lying areas , that 
receive run-on water in addition: These concern the Bottom-
lands of unit 22: BX; the Alluvial Plains (mapping units 20, 
21: AA), parts of the Piedmont Plains (mapping unit 5: YS) , 
and further the Sedimentary Plains of finer textured soils 
(mapping units 13: PL; 18: PX , and 24:PX + PL). 
Slight restrictions due to a less favourable texture or top 
soil conditions are found in the more sandy Sedimentary Plains 
(mapping units 14 and 15: PSl and -2) and the Erosional Plains 
(mapping unit 12: PnU). 
The other units have a more moderate rating, mostly due to 
limiting characteristics, counteracting favourable conditions, 
e.g. shallow soils of material that has a good available water 
capacity (mapping units 6, 10 and 17: LLl , UL and PS4) , or 
deep soils with un favourable infiltration conditions and high 
run-off losses as a consequence of ove rutilisat i on (mapping 
units 4,9 and 19: FU, LS and Pt). 
3.3.3 Mineral richness of soils and vegetation 
The mineral composition of the soils play an important role in 
identifying different types of range land . It is not so much 
differentiating in amounts of standing e r op expec ted , but 
merely in mineral content (nutritive value ) of t he available 
forage. The last column in table 1 presents a comparis on of 
mapping units as to the richnes s in mineral content of their 
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soil and vegetation. It is a qualitative estimation, concluded 
from information contained in the description of vernacular 
soil names, which is partly confirmed by analyses of surface 
soil samples from other district surveys. (N.B. : By the time 
of report writing, results of soil sample analyses were not 
yet available). 
Table 1 Rating of soil characteristics, relevant to productive capacity 
Vernaculair Unit Happing Effective Available Run-off Final rating Richness 
soil na111e no unit soil depth water losses water holding 111inerals 
capacity capacity 
1t large 1t high l 1 low 1t high li 
51 s111all 51 low 5 1 high 51 low 51 
1 HU 4 z 4 4 4 
Bay z HL 5 z 4 4 4 
Bay 3 HS 5 4 4 5 5 
Kaya111a 4 FU 1 3 4 -5 3 4 
Kaya111a 5 'iS 3 3 z 4 
Bay 6 LLl 4 z 3 3 4 
Bay gadud 7 LLZ z z 4 
Ra111a labeb 8 . LL3 4 z 3 3 5 
Bada Kaya111a 9 LS z 3 5 3 5 
Bay ad 10 UL 4 z 3 3 4 
Bay 11 US 3 4 4 4 5 
Kaya111a lZ PnU 1 z 3 z 4 
Bay gadud 13 PL z 1 1 1 4 
Bay gadud 14 PSl 1 3 3 z 4 
Ra111a labeb 15 PSZ J 4 J z 5 
Bay ad 16 PS3 3 z z 3 3 
Bokol 17 PS4 5 z z 3 3 
Adabla 18 PXl 3 J 1 1 
19 Pt 4 4 3 z 
Adabla zo AAI z 1 
21 AAZ z 4 z z 
Boji 2Z BX 1 3 1 1 
Z3 UL+'l'S 4+1 Z+3 3+3 3+Z 4 
Ka dan Z4 PL+PXl Z+l 1+3 l+l 1 z 
Obviously, soils with a high mineral content are found in the 
less well drained areas with dark clay soils: the units that 
are indicated by Adabla, Boji, and Bokol (mapping units 18, 20 
- 22: PX, AA and BX)where wet season grazing is practiced 
primarily for the intake of minerals. 
For the landquality "richness in minerals" a low rating has 
been givn to all soils on the well drained , higher grounds. 
Where soil parent material is originally poor in minerals, 
such as the Mesozoic Sandstone {all -s units: 3, 9, 11 , 15: 
HS, LS, US, PS2}, richness in minerals is rated lowest. 
An intermediate position is taken by the Bokol soils of the 
gypsiferous area around El Wak (mapping units 16 and 17: PS3 
and PS4), and the intergrade Wadan soils of unit 24 : PL+PX. 
high 
low 
in 
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Here the vegetation reportedly offers a mineral supply that is 
sufficient for goats to perform well ; it i s not suffic ient for 
cattle and camels , however. 
The distribution of these clas ses of mineral richness of t he 
soils in Mandera District is s hown in fig. 4. 
It may be c lear that large areas of too l ow mineral s upplies 
are far out of reach of mineral-rich soils . 
3.3.4 Erosion hazard 
As has been explained in the volume on methodologies, it is 
useful to give ratings of the three main types of erosion 
hazard . In addition, possibilities for recuperation of the 
vegetation cover should be estimated as this constitutes to 
some extent the resistance to erosion. Terminology , factors 
and criteria involved are discussed in the volume on methodol-
ogies . 
Table 2 contains the conclusions for Handera District . 
Presently badly eroded areas have been rated as having a high 
risk of erosion. Pre sent day strong erosion can be observed on 
practically all areas that have some relief, such as Hills and 
Uplands. Among these, the landforms on Sandstone s eem more 
affected than those on other rock types. The fine-sandy soil 
material is sensitive to rainsplash impact and is easily set 
into motion by run-off water (mapping units 3: HS and 11: US). 
Together with these , also the areas with s hallow r ocky soils 
have been attributed a high erosion ris k (mapping unit s 1 : HU ; 
2: HL and 10: UL). 
Footslopes (mapping unit 4: FU) are on many places severely 
affected by gully erosion. This is a common feature on these 
landforms , due to the relative high density of semi-permanent 
v illages (see description of mapping units, section 4 ) . 
In most areas of low relief (all Plains , Plateaus and Bottom-
lands) there is but little risk of erosion . Yet some areas of 
low relief, however, are sensitive to sheet eros ion, due to 
poor possibilities for recuperation of the vegetation cover 
( s trong surface sealing, as in mapping unit 9: LS ; t he locali-
ties of "ara hun" within mapping unit 14: PSl) , or due to a 
locally more erosive nature of rainfall and run- on processes 
(mapping unit 5: YS). 
Wind erosion hazard is restric ted to the fine -sandy and loamy 
soils of unit 8: LL3, and further in the heavily used areas 
around El Wak and Mandera. Any significant results of wind 
action , s uch as small dune formation have not been observed. 
The distribution of an overall rating f or erosi on hazard is 
illustrated in fig. 5. 
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Table Z Ratings of forms of erosion hazard 
Vernacular Unit 11apping Sheet erosion Gully erosion Wind erosion Possibili ties 
soil name no unit hazard hazard hazard recuperation 
1 1 low risk l 1 low risk 1 1 l ow risk 1 1 good 
51 high risk 5 1 high risk 51 high risk 51 poor 
HU 5 z 3 
Bay z HL 5 2 3 
Say 3 HS 5 5 4 
Wayama 4 FU 5 4 3 
Wayama 5 'iS 4 4 z z 
Bay 6 Ltl 3 3 1 z 
Bay gadud 7 LLZ l z 
Rama labeb 8 LL3 3 z 3 z 
Bada Hayama 9 LS 5 3 4 
Bay ad JO Ut 4 3 z 
Bay 11 US 5 3 4 
Hayama JZ PnU 3/Z 1 3 
Bay gadud 13 PL 2 z 
Bay gadud 14 PSl Z/3 z 3/5 
Rama labeb 15 PSZ z z 
Bay ad 16 PS3 z 3 z 
Bokol 17 PS4 3 
Adabla 18 PXl l z z 
19 Pt 4 3 3 z 
Adabla zo AAI 3 113 1 
21 AAZ 1/ 4 1/5 1 3 
Boji 22 8)( 1 z 
23 UL+'iS 4 3/4 z 3+Z 
Ha dan 24 PL+PXl Z/1 1/Z z 
Degradation of rangeland due to overutilization is only 
present around the larger settlement are as of El Wak, Mandera, 
Rama and Banissa towns (not regarding the mentioned foot-
slopes). 
3.3.5 Accessibility 
Limitations in accessibility are determined by steepness of 
terrain forms and surface ruggedness, due to gullies and/or 
stones and boulders. Such conditions restrict livestock move-
ments , limiting the daily 11 action radius" of herds and thus 
the actually available rangeland. 
Apart from such permanent, year round restrictions additional 
limitations to accessibility are posed during the wet season 
by flooding/ponding of areas and/or stickiness/muddiness of 
the surface in certain areas. The ratings for these land char-
acteristics are specified in the volume on methodology. 
for Final rating 
( see fig. 51 
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Considerable l i mitations in accessibility for livestock dur i ng 
the dry season are confined t o the hilly landforms in Mandera 
District (mapping units 1,2 and 3 :HU, HL and HS) due to both 
steepness and rockyness. Uplands (mapping units 10 and 11: UL 
and US) have beeen rated moderately accessible , due to stoni-
ness of the surface. Further minor restric tions are found due 
to erosion gullies and/or an irregular mesotopography, e.g. on 
Footslopes , (partly) on Limestone Plateaus , and River Terraces 
(mapping units 4: FU; 6 : LLl ; 19 :Pt). 
Additional wet season constraints are posed by flooding or 
ponding in the units 20 and 22 : AAl and BX . In case of seasons 
with excessive rainfall also the mapping units 18 and 24: PXl 
and PL+PXl will possibly be flooded or ponded. All heavy clay 
soils are of a limited accessibility during the rains due to 
stickyness and muddyness of the surface. Pastoralists are 
particularly reluctant to herd camels into areas under such 
conditions , as their animals risk braken legs when travelling 
across such slippery surface. 
Table 3 Ratings of li111itations to accessibility 
Vernacular 
soil na111e 
Unit Ha~ping Constraints due Constraints due Permanent, year round 
no unit to surface constraints 11 low 
Additional 
wet season to slope, 
topography r9(:ks, sandyness, 51 severe constraints 
e tc . ~~~~~~~~~~~~ 
Bay 2 
Bay 3 
Haya111a 4 
Haya111a 5 
Bay 6 
Bay gadud 7 
Ra111a labeb 8 
Bada Haya111a 9 
Bay ad 10 
Bay 11 
Haya111a 12 
Bay gadud 13 
Bay gadud 14 
Ra111a labeb 15 
Bay ad 16 
Bokol 17 
Adabla 18 
19 
Adabla 20 
21 
Boji 22 
23 
Ha dan 24 
HU 
HL 
HS 
FU 
'IS 
LLl 
LL2 
LL3 
LS 
UL 
US 
PnU 
PL 
PSl 
PS2 
PS3 
PS4 
PXl 
Pt 
AAI 
AA2 
BX 
UL+YS 
PL+PXl 
1s 
51 
5 
4 
5 
l 
1 
1 
1 
1 
3 
3 
1 
l 
1 
2 
3 
low 
severe 
l 1 
51 
4 
3 
3 
3 
3 
1 
2 
3 
3 
l 
2 
2 
1 
z 
2 
2 
low sheep/ 
severe goats 
3 
2 
3 
l 
l 
1 
l 
z 
1 
ca111el cattle 
4 5 
3 4 
4 5 
2 2 
2 
1 3 
z 2 
2 
1 
1 
z 
1 
1 
1 
1 
l 
1 
2 
2 
l 
1 
1 
3 
1 
* figures between brackets ref'lect situations expected in years of "above average" rainf'all 
-1 none 
51 severe•I 
( 2) 
1 z) 
-( ZJ 
315) 
4 
2141 
5 
315) 
3.3.6 
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Possibilities for the construction of dams and water-
pans 
This section wil! attempt to compare landforms and soils in 
respect of the opportunity for the collection of surface water 
in pans and dams. Such possibilities are largely contained in 
the landcharacteristics slope length and steepness and permea-
bility of the subsoil . Factors as rainfall evaporation, avail-
ability of construction material and the abilities of the 
local people to maintain these constructions, are not con-
sidered here. 
Results are contained in table 4. Best "catchment"-conditions 
are found in the Limesone Hills and Uplands (numerous V-shaped 
valleys), and at the foot of the Sandstone Hills. Also on the 
Footslopes around Basement system Hills and over the Piedmont 
Plains a lot of run-off water passes,that may be caught in 
dams to be constructed. However, the ratings given for permea-
bility are tentative "guesstimates" only. 
Units that have an almost flat topography are regarded unsuit-
able (no catchment), especially those with either a sandy soil 
(too permeable: mapping unit 15: PS2) or where cracking clay 
soils prevail. Most Boji and Adabla soils are rated unsuit-
able, particularly for dam construction, as the swell/shrink 
properties cause leaks, especial ly where the soil is sodic. In 
that case the sodic soil material wil! behave very unstable 
under rainstorms and the dams may erode away in only a few 
rainy seasons. 
The valley bottom of the Dawa River valley is rated unsuitable 
because of the hazard of devastating floods. 
I t is the question whether suitable irrigation water in suf-
ficient amounts can be found anywhere in Mandera District , 
apart from the Dawa River. The supply of drinking water for 
people and livestock is already a major problem (Bake , 1989). 
Soils should be non-saline and non-sodic. They should be suf-
ficiently permeable to enable irrigation water to percolate 
through the soils, thus preventing a constant capillary rise 
(evaporationl), which may cause soil salinity in the rooting 
zone. 
Land with a slightly undulating or sloping relief is rated as 
potentially suitable for irrigation, in case it has deep , wel! 
drained soils that are not too permeable, and that are free 
from salinity/sodicity. These conditions are found on the 
Footslopes and Piedmont Plains (mapping units 4 and 5: FU and 
YS), as wel as on the deeper soils of the Plateaus (mapping 
units 7: LL2 and 9: LS) and on the "red sand" Plains, where 
textures are not too sandy (mapping units 12 -14: PnU , PL and 
PSl). 
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Locally suitable areas can be found on the Dawa river terraces 
and Alluvial Plains (mapping units 19: Pt and 21: AA2). 
All other land is either too stony and rocky, soils are too 
permeable and/or too shallow; or have no suitable drainage 
conditions and are as well too saline/sodic or potentially 
saline. 
Table 4 Rating• of land characteri•tics relevant to the construction of da111• 
and waterpans 
Vernacular 
soil na111e 
Unit Happing 
no unit 
Bay 
Bay 
Haya111a 
Haya111a 
Bay 
Bay gadud 
Rau labeb 
1 
2 
3 
4 
5 
6 
7 
8 
Bada Haya111a 9 
Bay ad 10 
Bay 11 
Haya111a 
Bay gadud 
Bay gadud 
Ra111a labeb 
Bay ad 
Bokol 
Adabla 
Adabla 
Boji 
Ha dan 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
S)'llbol 
HU 
HL 
HS 
FU 
YS 
LLl 
LL2 
LL3 
LS 
UL 
US 
PnU 
PL 
PSl 
PS2 
PS3 
PS4 
P><l 
Pt 
AAI 
AA2 
8)( 
UL+YS 
PL+PXl 
Pel"lfteability Suitability of Final 
of the aubaoil landf 01111 rating 
l 1 b1pe1111eable l 1 sui table l 1 sui table 
31 pe1111eable 
2 
1 
2 
2 
2 
1 
2 
2 
3 
2 
2 
3 
2 
2 
3 
3 
2 
2 
31 not suitable 31 not suitable 
3 
1 
2 
3 
3 
2 
1 
2 
3 
3 
3 
2 
3 
2 
3 
1 
3 
3 
1 
2 
2 
1 
1 
2 
2 
3 
2 
1 
211 J 
213) 
3 
3 
2 - 3? 
3 
3 
3 
2 
3 
3 
2 
3.4 Evaluation of soils and landforms for irrigated 
agriculture 
It is a widespread belief that areas of the dry Northeastern 
parts of Kenya can be put into some kind of productive arable 
land, if only an irrigation infrastructure would materialize. 
As the realisation of irrigation schemes involves considerable 
investments, the land mapping units will be evaluated here as to 
their suitability for (small scale) irrigation, in order to see 
whether such investments are justified. Requirements that are 
important in the suitability assessment of land for irrigated 
agriculture are: 
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- availability of sufficient irrigation water of suitable quality 
- low levels of soil salinity, and the possibilities to prevent 
increased salinization by an effective drainage system. 
Another (most) important requirement is that the local population 
would be prepared and able to maintain and manage such irrigation 
schemes. 
It is the question whether suitable irrigation water in 
sufficient amounts can be found anywhere in Mandera District, 
apart from the Dawa River. The supply of drinking water for 
people and livestock is already a major problem (Bake , 1989). 
Soils should be non-saline and non-sodic. They should be 
sufficiently permeable to enable irrigation water to percolate 
through the soils, thus preventing a constant capillary rise 
(evaporationl) , which may cause soil salinity in the rooting 
zone. 
Land with a slightly undulating or sloping relief i s rated as 
potentially suitable for irrigation , in case it has deep , well 
drained soils that are not too permable , and that are free 
from salinityfsodicity. these conditions are found on the 
Footslopes and Piedmont Plains (mapping units 4 and 5: FU and 
YS), as well as on the depper soils of the Plateaus (mapping 
units 7: LL2 and 9: LS) and on the "red sand" Plains, where 
textures are not too sandy (mapping units 12-14: PnU, PL and 
PSl). 
Locally suitable areas can be found on the Dawa river terraces 
and Alluvial Plains (mapping units 19 : Pt and 21 : AA2). 
All other and/or too shallow; or have no suitable drainage 
conditions and are as well to saline/sodic or potentially 
saline. 
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4 HAPPING UNIT DESCRIPTIONS 
Mapping unit 1: HU 
Surface area: 
Geology Undifferentiated Basement System Rocks: prevailing rock 
types are crystalline limestone , basic igneous rocks 
and granitoid gneisses. 
For reason of map scale and due to the need for 
generalisation, the rather wide variety in rock types 
have been lumped together in this unit. 
Landform, topography : This mapping unit comprises all hilly 
landforms of the Basement System. Slopes are mainly 
over 30%; regular straight and moderately steep slopes 
prevail in case of crystalline limestone and basic 
rocks; irregular and precipitous slopes dominate where 
the topography is underlain by granitoid gneisses. 
Soils: Well drained , shallow , brown to dark reddish brown sandy 
clay loams to clay , gravelly , stony and bouldery , with 
frequent rock outcrops. 
Condition of top soil : Low to moderate amount of organic matter. 
The soils have a relatively high natura! fertility due 
to abundant presence of primary weatherable minerals. 
Erosion hazard : Due to general steepness , shallowness of soils 
and low infiltration (stones} , runoff is a natural 
feature, especially on granitoid gneisses. 
Accessibility for livestock : Steepness and stoniness , as well as 
the usually dense woody vegetation , makes this unit as 
an exclusi ve goat/sheep browse area of moderate to poor 
accessibility. 
Aspects of productive capacity : favourable fertility aspects; low 
waterholding capacity . 
Obs. : 
Mapping unit 2: HL 
Surface area: 
Geology: Mesozoic limestones and marls. 
Landform, topography: Intricately dissected hilly topography 
between Dawa River valley and Limestone Plateaus . 
Regular, steep and rather short slopes of 30-50%. 
Soils: Well drained, very shallow, yellowish brown , calcareous , 
extremely stony, rocky and gravelly silty clay loam. 
Local soil name: Bay , Bay ad . 
Condition of top soil: Strongly degraded topsoil due to sheetwash 
erosion. This resulted in a densely packed gravelly and 
stony top soil over shallow rocks. 
Erosion hazard: The generally steep topography makes the area 
sensitive to accelerated erosion, particularly in 
combination with the non-gravelly soil component (the 
fine-earth f raction) which is sensitive to rain-splash 
impact. However, the end-stage of sheetwash erosion has 
been reached. The gravelly and stony surface forms a 
protection to farther rapid erosion in most places . 
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Accessibility for livestock: Severe restrictions for cattle , 
due to stony surface, steep topography and density of 
bush. Moderate restrictions for camels and goats. 
Aspects productive capacity: The area is reportedly particularly 
good for camels and goats, partly due to the nearby 
saline soils of the Dawa river valley , that can provide 
the necessary supply of minerals. Otherwise are the 
soils of this unit of low productive capacity due to 
their shallowness (very low water holding capacity) and 
only moderate natural soil fertility. 
Obs.: 57, 58. 
Mapping unit 3: HS 
Surface area: 
Geology: Sandstone and mudstone of Mesozoic age. 
Landform, topography: Hills, and strongly dissected high-level 
Plateau. Mainly complex of small table lands (with 
undulating top-level) , escarpments and narrow 
footslopes/valleys. 
Soils: Apart from the included footslopes and valleys: well 
drained, very shallow, very friable yellowish and 
reddish brown, extremely rocky and stony fine sand to 
loamy fine sand. 
Local soil name: Bay ad(?). 
Condition of top soil: The rocky and shallow soils show strong 
sheet and gully erosion (observed during reconnaissance 
flight). 
Erosion hazard: Topography and soil material are both favourable 
factors for the development of accelerated erosion. 
Large parts have developed shallow gravelly and stony 
surface soils, which are less sensitive to the on-going 
erosion. Where deeper soils prevail extensive gullying 
is common. 
Accessibility for livestock: The frequent escarpments and very 
steep slopes restrict the accessibility especially for 
cattle and camels. 
Aspects of productive capacity: Low. The shallow sandy soils will 
hold only little soil moisture for a short period. Also 
the soil chemica! fertility is very low. 
Obs.: (survey flight; image interpretation). 
Mapping unit 4: FU 
Surface area: 
Geology: Colluvium derived from undifferentiated Basement 
System rock (crystalline limestone , basic igneous rocks 
and undifferentiated gneisses). 
Landform, topography: footslopes at the basis of hills: long , 
straight and slight concave slopes of gentle 
inclination (3-5%, sometimes up to 8% at the upslope 
side). 
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Soils: Well drained, very deep, firm, compacted, dark reddish 
brown to dusky red coarse sandy clay loam to sandy 
clay, often with a sandy loam top soil. 
Local soil name: Wayama 
Condition of top soil: Heavily degraded due to accelerated 
erosion. The larger part of this unit suffers severe 
sheetwash and moderate gully erosion. Moderate to 
strong surface sealing accompanies the sheetwash 
eros ion. 
Erosion hazard:A number of factors influence the risk of erosion 
unfavourably. The area is relatively densely populated 
due to its topographic position and its suitable 
landform conditions for succesful dams and waterpans. 
This brings about an almost permanent grazing pressure, 
while fuel and construction wood is extracted from the 
area itself and the adjacent upslope hill. This 
pressure on the land, together with the inclination and 
length of the footslope itself form a favourable 
condition for runoff of locally received rainfall, 
added with run-on-water from the hillside upslope. 
The type and intensity of the process can be discerned 
according to the rock type of which the soils are 
derived: colluvium, derived from gneisses and 
granitoids is more sensitive to overall sheet wash 
erosion and surface sealing, while colluvium derived 
from crystalline limestone and basic rocks tend to 
develop more localized, hut deeply entrenched gullies, 
leaving part of the grazing areas intact. 
Accessibility for livestock: Restrictions in accessibility 
livestock on non-degraded footslopes are mainly posed 
by density of woody vegetation. Erosion may render the 
area increasingly inaccessible for cattle and camel. 
Aspects of productive capacity: Non-degraded soils of footslopes 
have in general a high soil fertility and good water 
holding capacity. Productive capacity declines rapidly 
under conditions of accelerated erosion such as 
observed in Handera and Wajir Districts. 
Obs.: 76, 103. 
Mapping unit 5: YS 
Surface are: 
Geology: Colluvium and alluvium derived from Mesozoic sandstone 
and mudstone. 
Landform, topography: Piedmont Plain; gentle to almost flat very 
long slopes, surrounding the hills of mapping unit 3: 
HS. 
Soils: Well drained, very deep, dark reddish brown, very friable 
fine sandy clay loam to fine sandy loam. 
Local soil name: Bay gadud (shuub). 
Top soil condition: Locally strongly degraded due to sheet erosion 
and/or gullying. Also deposition of eroded material due 
to run-on processes that are characteristic of this unit. 
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Erosion hazard: High risk of erosion, mainly due to runoff water 
received from the adjacent sandstone hills (mapping 
unit 3: HS). The unit comprises some extensive areas 
that are badly affected by gully erosion. 
Accessibility for livestock: No restrictions. 
Productive capacity: Where run-on water is received, the 
population practices are opportunistic farming 
(sorghum) . Soils have a moderate to good moisture 
holding capacity, which, in combination with this 
run-on water, makes the soils potential productivity 
rather high. Soil chemica! fertility, however, is low. 
Infiltration capacity seems only moderate due to wide-
spread slight sealing of the surface. 
Obs. : ( 46) , 88, 89. 
Happing unit 6: LLl 
Surface area: 
Geology: Hesozoic limestone 
Landform, topography: The term "Plateau" is given to this unit in 
accordance with t he Exploratory Soil Map of Kenya 
(Sombroek et al., 1982), although the area is but 
slightly elevated above the surrounding units at its 
eastern and southern side. 
The topography is very gently undulating due to a 
pattern of limestone outcrops, that have an irregular 
mesotopography. Locally river courses are deeply 
incised. 
Soils: Amore or less regular pattern of: 
- well drained, shallow, friable, light grey to greyish 
brown, calcareous , rocky and stony, silty clay loam , 
and 
- moderately well drained, moderately deep, friable, 
dark reddish brown, calcareous, gravelly silty clay. 
Local soil name: Bay. 
Top soil conditions: In the reach of rocky soils the top soil 
qualities vary strongly due to local differences in 
run-off and colluviation. The moderately deep soils 
have a moderate soil fertility and an apparent good 
infiltration capacity. No strong sealing is observed on 
these soils. 
Erosion hazard: Erosion takes place as sheetwash in the areas 
associated with rock outcrops. The deeper soils show in 
genera! a good herb-cover and no display of run-off is 
observed. 
Accessibility for livestock: Only in the areas of rock outcrops 
possibly slight restrictions for cattle. 
Productive capacity: Varying, but generally low in the rocky 
areas; fair to high productive capacity in the areas 
with deeper soils due to moderate soil fertility and 
good soil-water relationships. 
Obs.: 59, 60, 61, 62, 63, 64, 66, 94. 
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Happing Unit 4: LL2 
Surface area: 
Geology: Hesozoic limestone. 
Landform, topography: see remark under mapping unit LLl: Plateau 
of hardly perceptible elevation among surrounding 
countryside. Very gently undulating to almost flat 
topography. Locally undulating mesotopography. 
Soils: Well to moderately wel! drained, deep to moderately deep , 
dusky red, very friable, calcareous clay loam. 
Local soil name: Bay gadud. 
Top soil conditions : Organic matter content is low; There are no 
signs of sealing; slight soft crusting is common. Well 
structured stable top soil conditions allow a good in-
filtration of rainwater. 
Erosion hazard: No signs of sheet wash erosion. The level 
topography and favourable soil conditions point to a 
low erosion hazard. 
Accessibility for livestock: The locally dense vegetation may be 
a limiting factor. In the wet season the soil surface 
may become sticky and muddy for short periods. 
Aspects of productive capacity : Soils have a moderate fertility 
and ·a high soil water storage capacity . 
Inclusions: Locally dark brown strongly calcareous clays of 
moderate to imperfect drainage occur. Also, 
occasionally soils are met as these described under 
mapping unit LLl. 
Obs.: 67 , 68. 
Mapping unit 8: LL3 
Surface area: 
Geology: Hesozoic limestone and calcareous sandstone. 
Landform , topography: Slightly elevated plateau; almost flat 
topography. 
Soils : Well drained , shallow, very friable, dusky red , loamy fine 
sand; in places outcorps of secondary limestone. 
Land soil name : Rama labeb (?} 
Condition of top soil: Degraded, slightly sealed top soil. 
Locally rill erosion. 
Erosion hazard: There is a moderate erosion hazard, due to the 
very friable soil material that is easily detached by 
rain splash and running water. This is counteracted by 
the almost flat topography and apparent good infiltra-
tion. The soils are also sensitive to wind erosion. 
Accessibility for livestock: No restrictions . 
Aspects of productive capacity : The unit has moderately 
favourable soil physical aspects; good available water 
capacity and good to moderate infiltration, but the 
soils have little rooting space. Chemica! fertility is 
rated moderate to low , due to virtual absence of 
organic matter and inactive clay type. 
Obs. : 48, 49. 
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Mapping unit 9: LS 
Surface area: 
Geology: Sandstone, mudstone, arkose of Tertiary age. 
Landform , topography: Almost flat to very gently undulating 
plateau. 
Soils: Well drained , moderately, deep to very deep , friable , 
dusky red to clark reddish brown coarse sandy clay to 
clay. 
Local soil name : Bada Wayama. 
Condition of top soil: Badly degraded and sealed, in spite of 
relatively favourable climatic conditions . Large bare 
areas are common among clusters of shrubs and perennial 
grasses. Possibly due to unfavouralbe soil chemica! 
conditions (Al-toxicity?) the top soil is easily 
degraded, and offers little possibilities for 
recuperation of the vegetation cover. 
Erosion hazard: In spite of the almost flat topography , sheet 
erosion is a prominent feature . 
Accessibility for livestock : No restric tions (not regarding 
climate conditions , that are reportedly too cold for 
goats). 
Aspects of productive capacity: Strong sealing renders soil 
moisture storage capacity largely ineffective . Soil 
chemica! fertility is low to very low , as well as top 
soil organic matter content . Productive capacity is 
very low in view of climatic conditions . 
Obs.: 70 , 71. 
Mapping uni t 10 : UL 
Surface area: 
Geology: Mesozoic limestone and marl. 
Landform, topography: Irregularly dissected and undulating 
uplands, slopes 5-15%. 
Soils: Well drained, very shallow to moderately deep , strongly 
calcareous , extremely gravelly and stony silty l oam and 
clay loam of various colours. 
Local soil name: Bay, Bay gadud . 
Condition of top soil: Strongly degraded by sheet erosion , 
resulting in high concentration of gravel and stones. 
Erosion hazard : In the larger part of the unit erosion has 
reached its "end" stage . 
Accessibility for livestock: Stonines s of the surface , in 
combination with local steep topography , poses slight 
to moderate restrictions, especially f or cattle. 
Aspects of productive capacity: The soils of thi s unit have 
unfavourable soil physical properties ( l ow water 
holding capacity) but moderate level of soil fertility. 
The amount of top soil organic matter is in the area 
around Banissa somewhat higher than in soils of this 
unit elsewhere , but this is due to more favourable 
climatic conditions. 
Obs.: 2 , 19, (26), 53, 55, 56 , 97. 
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Mapping unit 11: US 
Surface area: 
Geology: Mesozoic sandstone, mudstone. 
Landform: Irregularly undulating uplands, local escarpments. 
Slopes 3-10%. 
Soils: Well drained, very deep to shallow, dark reddish brown to 
yellowish brown, very friable loamy fine sand to fine 
sandy loam, in places rocky and stony . 
Local soil name: Bay, Rama ad (in places Ara hun). 
Condition of top soil: Generally degraded by sealing and sheet 
erosion. 
Erosion hazard: Strong sheet and gully erosion hazard, due to 
undulating topography, in combination with the very 
friable soil material, and apparent low infiltration 
capacity. 
Accessibility for livestock: Slight restrictions for cattle. 
Aspects of productive capacity: Soil physical properties are 
mostly only moderately favourable due to shallowness of 
the soil and/or low infiltration. Soil chemica! 
properties are rated very poor, as the soil parent 
material seems devoid of primary weatherable minerals. 
A rèlative frequent occurrence of "ara hun" (strongly 
unproductive soils) is reportedly associated with these 
uplands in sandstone. 
Obs.: 8, 9, 15, 34, 47, 50, 53, (54). 
Mapping unit 12: PnU 
Surface area: 
Geology: Undifferentiated Basement System Rocks. 
Landform, topography: Non-dissected erosional plain (End-tertiary 
peneplain), almost flat to very gently undulating. 
Soils: Well to moderately well drained, very deep, dusky red to 
reddish brown , friable coarse sandy clay. 
Local soil name: Wayama. 
Condition of top soil: Moderately low in organic matter. 
Widespread light sealing of the surface. 
Erosion hazard: Due to an almost negligible inclination/slope, 
combined with an apparently reasonable infiltration 
capacity of the surface soil, the erosion hazard is 
low. The locally observed sheet erosion is only slight. 
Accessibility for livestock : No restrictions in accessibility due 
to topographic features. Only locally dense vegetation 
may pose limitations to livestock movements. 
Aspects of productive capacity: The unit has favourable soil-
physical properties (high water storage capacity, fair 
infiltration) but low chemica! fertility, due to 
predominating inactive clay type. 
Obs. : 25 , 28, 29 , 73, 74, 75, 78, 79, 91, (93), 101, 102. 
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Mapping unit 13: PL 
Surface area: 
Geology: Mesozoic limestone; secondary limestone. 
Landform, topography: Almost flat to very gently undulating 
(erosional) plain, with long regular slopes of less 
than 2%. 
Soils: Well drained, moderately deep, very friable , dusky red to 
strong brown fine sandy clay to loam, calcareous in the 
subsoil, and locally with outcrops of secondary 
limestone. 
Local soil name: Bay gadud. 
Condition of top soil: Only slight sealing or crusting ; low 
content of organic matter. 
Erosion hazard: Low erosion hazard due to the almost flat 
topography and moderate to good infiltration capacity. 
The soils may be affected by wind action. 
Accessibility for livestock: No restrictions, if not due to dense 
bush. 
Aspects of productive capacity: Soils have a low to moderate soil 
chemica! fertility and moderately favourable soil-water 
relationship. 
Obs.: 17, 18 , ~O, 21, 98, 99. 
Mapping unit 14: PSl 
Surface area: 
Geology: Sedimentary deposits derived from Mesozoic sandstone. 
Landform, topography : Almost flat Sedimentary Plain ( "Red Sand" 
plains). 
Soils: Well drained, very deep, dusky red to dark reddish brown , 
very friable fine sandy loam to fine sandy clay loam. 
Local soil name: Bay gadud, (Wayama) , locally intergrading to 
Rama (Rama labeb) . 
Condition of top soil: Only slight surface sealing has been 
observed, in combination with a light to moderate sheet 
erosion. The top soil has a low organic matter content . 
Erosion hazard: Low to moderate sheet erosion hazard; and low 
gully erosion hazard due to almost flat relief. 
Infiltration capacity is moderate to high. The unit has 
a moderate sensitivity to wind action. 
Accessibility for livestock: No restrictions. 
Aspects of productive capacity: Soil fertility is low due to 
almost absence of organic matter and the predominantly 
inactive type of clay (Kaolinitic). Soil physical 
properties, such as infiltration and soil water storage 
capacity, are favourable . 
Note : The soil type that is indicated by the local population as 
"ara hun" (useless land) has been observed within this 
unit more frequent than in other units. It is 
characterized by an almost complete absence of the 
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erbal vegetation layer and/or by a vegetation that is 
reportedly without any nutritional value. Hence "Ara 
hun" is strictly avoided by herdsmen. ( In many cases 
the bare soil has a fine-gravelly wash of black and 
dark reddish brown iron-manganese conretions). The 
cause is probably mineral deficiency and/or aluminium 
toxicity. 
Obs.: 3 , 10, 13, (12) , (36) , 43, (44) , (45), 45, 87. 
Mapping unit 15: PS2 
Surface area: 
Geology: Sedimentary deposits derived from Mesozoic sandstone. 
Landform, topography: Almost flat to very gently undulating 
sedimentary Plain. 
Soils: Well drained, very deep, dark reddish brown to yellowish 
brown, very friable, loamy fine sand. 
Local soil name: Rama labeb, Rama ad. 
Condition of top soil: Moderate to good WJP soil conditions. In 
spite of very low organic matter content, the surface 
sho~s good infiltration capacity and favourable 
germination conditions for (annual) forbs . 
Erosion hazard: Very low: the almost flat topography and good 
infiltration rate render run-off insignificant . Slight 
wind erosion hazard in heavily utilized areas. 
Accessibility for livestock: No restrictions 
Aspects of productive capacity: Moderate to good soil physical 
properties , due to a minimum of run-off losses, and a 
moderate water holding capacity. Fertility conditions 
are very low in this unit , as is the supply of 
minerals. This unit has relatively good grazing aspects 
in comparison to most other mapping units , and is used 
by cattle and goats rather than by camels. However , 
animals need to feed elsewhere in the wet season in 
order to gain weight . 
Obs. : 4, 6, 7 , 14, 22, 35 , (36), 37 , 39 , 40 , 41, 42 , 86 , 89. 
Mapping unit 16: PS3 
Surface area: 
Geology: Deposits derived from Mesozoic sandstone and limestone 
with shallow secondary limestone as underlying rock. 
Landform, topography: Almost flat Sedimentary Plain , with 
undulating and irregular mesorelief. 
Soils: Well drained , shallow to moderately deep , reddi sh brown to 
yellowish red , very friable , silty clay loam ; in places 
calcareous and slightly saline in the subsoil ; in places 
outcrops of secondary limestone . 
Local soil name : Bay ad, in places intergrade with Bakol (see 
mapping unit 17: PS4). 
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Condition of top soil: Evidence of wind action is widespread . Top 
soils are degraded by grazing pressure , due to nearness 
of permanent settlement (El Wak ) . 
Erosion hazard: Sheet erosion can occur only on a local and very 
limited scale due to the overall flat topography. Wind 
erosion poses a more imminent risk of rangeland 
degradation , due to the soil texture in combination 
with the frequent use of this land. 
Accessibility for livestock: No restriction. 
Aspects of productive capacity: Soil fertility aspects are more 
favrouable than in adjacent unit PS2. Soil physical 
properties are locally unfavourable. Livestock needs 
additional mineral supplies in the wet season. 
Obs.: 5, 38, 85 . 
Mapping unit 17: PS4 
Surface area: 
Geology: Deposits derived from Mesozoic sandstone and limestone, 
with very shallow secondary limestone and gypsum as 
underlying rock. 
Landform, topography: Flat sedimentary Plain . 
Soils: Well drained, very shallow, light grey, calcareous, saline 
and gypsiferous silty clay, with frequent outcrops of 
secondary limestone and gypsum. 
Local soil name: Bokol, Bay ad. 
Condition of top soil: Strongly overutilized area , with 
consequently degraded surface soil. 
Erosion hazard: Erosion by run-off water does not occur due to 
the flat topography. There is a moderate risk of wind 
erosion, due to overutilization as a consequence of 
permanent settlement in El Wak. 
Accessibility for livestock : No restriction. 
Aspects of productive capacity: Relatively favourable fertility 
aspects. Soils have a moderate richness in minerals. 
Soil-water relationship is unfavourable due to the 
shallowness of the soils. The area is preserved as 
dry-season grazing area. 
Obs.: 83, 84. 
Mapping unit 18: PXl 
Surface area: 
Geology: Undifferentiated clayey sediments , partly of riverine 
and volcanic origin. 
Landform, topography: Very gently undulating and almost flat 
Sedimentary Plain. 
Soils: Imperfectly drained , very deep, very firm , dark greyish 
brown and dark brown , strongly calcarious, cracking 
clay; saline in the subsoil and with a thick , loose 
dusty clay loam or silty clay topsoil. 
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Local soil name: Boji (according to Wajir concept); Adabla 
(according to Mandera concept); Wadan (where 
intergrading towards Wayama or Bay). 
Condition of topsoil: The surface has a slight "gilgai" re lief , 
i.e. of a hummocky nature, caused by the cracking and 
swelling upon alternating dry and wet conditions. In 
the dry season the loose surface layer conceals most of 
the cracks. Perennial grasses are concentrated around 
small depressions , caused by the deeper and wider 
cracks, where apparently rain ~ater is collected. 
Erosion hazard: There exists a hazard of gully development in the 
areas with some more accentuated relief. The loose 
dusty surface layer may be sensitive to wind erosion. 
Accessibility for livestock: The hummocky surface and the loose 
dustiness can hinder cattle to some extent. In the wet 
season the area has a very sticky and muddy surface , 
however. 
Aspects of productive capacity: Whereever rains have been 
sufficient, these Boji- and Adabla-soils are known as 
productive throughout the year. 11Sufficient11 rains may 
mean "above average" rainfall. Herdsmen bring their 
livestock to this type of rangeland during some weeks 
in the rainy season to supply their animals with 
minerals. 
Obs.: 1, 23 , 24, 27, 30, (31) , 32, (33) , 77, 80, 81, 82, 95. 
Mapping unit 19: Pt 
Surface area : 
Geology: Undifferentiated alluvium, mostly of Pleistocene age. 
Landform, topography : Gently undulating and almost flat river 
terraces. 
Soils: Well drained, very deep, dusky red, friable coarse sand 
over coarse sandy loam, in places calcareous and slight 
saline; in places with stones and gravel of secondary 
limestone. 
Local soil name: -
Condition of top soil: It concerns soils that are strongly 
degraded as a consequence of the nearby semi-permanent 
water source of the Dawa River. 
Erosion hazard: Due to the pressure on the land, sheet and gully 
erosion is an ongoing process. In spite of this, the 
soils show some resistance to erosion. 
Accessibility for livestock: No restrictions. 
Aspects of productive capacity : Natura! soil chemica! fertility 
is relatively high; soil physical aspects are 
favourable, as far as it does not concern strongly 
eroded soils. 
Obs.: 51, 52, 56 . 
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Happing Unit 20: AAl 
Surface area: 
Geology: Clayey deposits of recently alluviated sediments. 
Landform, topography: Alluvial valley complex of seasonal river, 
flooded in "normal" to "good" rainy seasons. Gently 
undulating, irregular mesotopography. 
Soils: Complex of deep soils of varying drainage condition, 
texture and colour. Hostly non-saline and slightly 
calcareous. 
Local soil name : Adabla and Boji (Adabla and Kunya in Handera 
concept). 
Condition of top soil: The recently deposited sediments have a 
high natural fertility. The top soil is of a loose 
nature, so that infiltration rates are probably high. 
Erosion hazard: Deposition and erosion is a natura! process , 
inherent to this landform, whenever floodwaters reach 
the area. 
Accessibility for livestock: In the rainy season, when flooding 
occurs, the area may partly be inaccessible for short 
periods. 
Aspects of productive capacity: This mapping unit is capable of 
supporting large quantities of forage and browse. It is 
considered also suitable for agricultural use (Sorghum; 
cow peas). It is utilized year round by all livestock; 
it is an important source of mineral supplies. 
Obs.: 92. 
Happing unit 21: AA2 
Surface area: 
Geology: Recent and Sub-Recent Alluvium of various textures; 
partly derived of Basement System rocks. 
Landform, topography: River alluvial plain; floodplain and 
low-terrace of Dawa River. 
Soils: Hoderately well to poorly drained , very deep , stratified 
soils of various textures, gravelliness and stoniness, 
in places extremely saline. 
Local soil name: -
Condition of top soil: Levees consist for a good deal of gravel 
and sandy deposits. Backswamps may suffer high salinity 
at the surface . Favourable soil conditions are present 
only to a limited extent within this unit. 
Erosion hazard: Erosion and deposition are processes , inherent to 
this type of land. 
Accessibility for livestock: During "normal" rainy seasons, large 
parts of the unit is (repeatedly) flooded for some 
days. Otherwise there are no restrictions in accessi-
bility. 
Aspects of productive capacity: There are no constraints in soil 
fertility; locally high salinity limit the productivity 
of forage. The quality of soil physical properties are 
strongly varied: there is howeve r a lot of permanently 
green vegetation due to shallow groundwater. The area 
is an important source of minerals for livestock. 
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Mapping unit 22: BXl 
Surface area: 
Geology: Clayey colluvium and alluvium, mainly derived from 
Basement System Rocks. 
Landform, topography : Flat bottomland. 
Soils: Poorly drained, very deep , firm, calcareous , cracking 
clay, saline in the deeper subsoil; seasonally ponded. 
Local soil name: Boji (or, in Mandera concept: Kunya). 
Condition of top soil: No signs of degradation . 
Erosion hazard: Slight wind erosion hazard. 
Accessibility for livestock: No restrictions, except in the wet 
season, due to ponding and muddiness of the surface. 
Aspects of productive capacity: Most productive area in the 
District: rainfall and run-on water ensure a full 
utilization of the high soil moisture storage. Hence 
this unit supports highly productive perennial 
grassland; and is also an important source of minerals 
for livestock. 
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1 INTRODUCTION 
The GTZ-funded Range Management Handbook Project aims at the 
inventory of the natural resources of the arid and semi-arid 
lands of Kenya, and the interpretation of these data in terms 
of recommendations for sustained farms of range land use. 
Results will be presented in the form of reports and maps at 
a 1 : lH scale for each district separately. These are to be 
used by the Ministry of Livestock Development for both plan-
ning at ministerial level, as well as a first orientation for 
extension officers at district location or grazing black 
level. 
The study is essentially a multidisciplinary one, in which are 
engaged a climatologist; a vegetation/range ecologist; a land-
forms/soils specialist; a hydrologist and a livestock agrono-
mist. 
The project started in 1986 and will be on-goi»g to at least 
December 1991. Of the nine districts concerned, so far the 
survey of the Marsabit , Wajir and Samburu Districts, have been 
completed. 
The present report concerns Handera District, and covers the 
third consultancy to the Range Management Handbook Project. 
The Winand Staring Centre participates in the project by 
providing the expertise for the landf orms and soils inventory 
and for its interpretation in terms of productive capacity of 
rangelands and limitations to range land use. 
The consultant travelled to Kenya on the 12th of May 1989 to 
carry out the above mentioned survey in Mandera District. Due 
to weather conditions in the Northeastern Province, the survey 
was postponed untill the end of June . In the mean time field-
work was carried out for the survey of Samburu District, in 
support of the Water Resources Assessment and Planning Project, 
Hinistry of water Development. 
See Annex II for the Itinerary. Annex III contains the terms 
of reference. 
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2 ACHIEVEMENTS AND CONSTRAINTS OF THE MANDERA DISTRICT 
SURVEY 
2.1 Survey preparation 
In field surveys of large areas for which only a short time 
period is available (25 000 km2 in three weeks time in the 
present case), the interpretation of remote sensing material 
is of crucial importance . Prior to field survey , a few days 
were spent on the production of an interpretation map at scale 
1 : 500 000 of the whole District. Nineteen different inter-
pretation mapping units were identified with the help of a 
1 : 500 000 scale mozaic of Landsat Images (1976) and individ-
ual Landsat Images of a different date (mostly January 1979) , 
which cover only part of the District. A base map was kindly 
provided by the Kenya Soil Survey. More than half of the 
District is covered by geological maps. These provide very 
valuable information in addition to the Exploratory Soil Map 
of Kenya at scale 1 : 1 000 000 by Sombroek et al. (1982). 
Apart from the 250.(){)0 scale topomaps, use was made of 
information on AMOCO oil exploration lines. 
The interpretation map, a copy of which was provided to each 
of the participating consultants prior to the field survey, 
proved useful as a genera! overview and appeared sufficiently 
accurate in most salient physiographic boundaries. In some 
important areas however, clear image unit boundaries could not 
be linked to landform/soil/vegetation boundaries in the field. 
A drawback of the used satellite images is the rather poor 
level of visible detail, especially in connection with field 
orientation (exact location of tracks, roads, drainage ways, 
villages, grazing block cutlines). To this problem the rather 
old age of the images is added. Also the image quality in 
respect to landform, land cover and vegetation boundaries is 
in a nurnber of cases inadequate. 
SPOT images of the RMHP area exist and are present in Kenya . 
These images are of a higher quality in respect to both draw-
backs of the Landsat imagery presently used. Therefore it is 
recommended that an effort is made to obtain these SPOT 
images, at 1 : 250 . 000 scale , for the future districts to be 
covered. Alternatively Landsat Thematic Happer images, shortly 
available at the Regional Centre for Surveying , Mapping and 
Remote Sensing in Nairobi , should be used for future surveys 
as much as possible. 
2.2 Field survey 
The survey team consisted of a teamleader/technical adviser 
(Dr. Walther) and his counterpart of the ministry of Livestock 
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Development (Mr. Shaabani), a vegetation/range ecologis t (Dr. 
Herlocker), a landform/soils specialist (Touber) and a hydro-
logist (Dr. Bake) and a veterinarian scientist (Dr. Dioli). 
Field checks were located at points identified beforehand as 
representative according to the satellite image interpretation 
map. The vegetation scientist and soil s urveyor conducted 
their observations simultaneously at the same sites . Soil and 
landform characteristics that play a role in the performance 
of rangeland were recorded, i.e. topography , steepness, drain-
age condition , soil moisture availability, rooting space , 
degree of surface sealing , signs of rainwater run-off , flood-
ing, panding , humus content of the top soil , calcareousness , 
salinity (at three standard depths) , soil consistence and 
texture. At most of the sites soil fertility samples were 
taken. These were delivered at the N. A. L. for "Mehlig" analy-
sis, i.e. major nutrients , carbon content , pH and salinity. 
Unfortunately, results of these analyses were not available as 
yet by the time of report preparation. 
The cooperation between the Soil Surveyor and the vegetation 
scientist is to ensure that the existing correlation between 
landforms/soils and vegetation is expressed in the maps to be 
produced. The vegetation scientist , as was the case in the 
previous survey in Wajir District, initiated interviews with 
local people which not only revealed aspects on vegetation 
status and trend. It also provided the surveyors with local 
11 soil 11 names. In fact these vernacular names stand for land-
form-soil-vegetation complexes with their inherent production 
capacities and management aspects throughout the various 
seasons . It appeared no problem to correlate this local infor-
mation to the delineated physiographic mappi ng units. Survey 
results will be much more useful now to the local authorities. 
However, a drawback was experienced in this respect , as this 
Somali soil terminology , as applicable for Wajir District, 
appears to cover different concepts in Mandera , in various 
cases. Also criteria for separating one soil type from the 
other were not altogether clear in a number of cases. 
2.3 Map and report preparation 
Field data were put together on the basis of wh i ch twenty four 
units were identified. These have been presented on a draft 
1 : 500 000 scale map. On the basis of this map a final draft 
map and legend at scale 1 : 1 000 000 was prepared for 
publication in the handbook. Finalisation of the complete 
technica! report materialized in December 1989, Wageningen. 
This report is contained as Volume II of the present mission 
report. 
ANNEX II Itinerary 
11 May 
12 May 
12-14 May 
15-16 May 
17 May-16 June 
17-21 June 
22 June 
23 June 
24 June 
25-26 June 
27-28 June 
29 June 
30 June 
1 July 
2 July 
3 July 
4 July 
5 July 
. - . 
6 July 
7 July 
8 July 
9 July 
10 July 
11 July 
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Departure Amsterdam-Nairobi 
Arrival Nairobi - Meeting with Mr. Wokabi 
(Acting Head, KSS) and Mr. Olulo (Head 
cartography , KSS). Collection of equipment 
and geological reports , Mandera Survey 
Preparation Satellite image interpretation 
for Mandera Survey 
Meeting with Dr. Walther (teamleader RMHP) 
and other RMHP-teammembers. Discussions on 
Mandera Survey: Decision to postpone 
Mandera Survey 
Samburu District Survey activities 
Preparation Mandera Survey. Meetings with 
Mr. de Souza, cartographer, on printing 
preparations of Marsabit District Landforms 
and Soils map 
Travel Nairobi-Garissa . Meet Mr. Abdile, 
provincial livestock developm,at officer , 
and mr. Ombui, provincial range officer 
Travel Garissa-Wajir 
Travel Wajir-El Wak, carry out field checks 
Kutulo-El Wak area 
Carry out field checks from El Wak base 
camp 
Carry out field checks from Takaba base 
camp 
Meeting with District Officer, El Wak. 
Preparations f or further survey programme 
Carry out field checks from El Wak base 
camp 
Field checks along El Wak-Halango-Finno-
Mandera route 
Carry out field checks from Mandera base 
camp 
Meet the District Commissioner, Mandera, 
Mr. G.S. Mosiani 
Meet the District Livestock Development 
Officer, Mr. Kariuki 
Carry out field checks along Mandera-Ramu 
route 
Carry out field checks along Ramu-Banissa 
route 
Carry out field checks along Banissa-Dandu-
Takaba route 
Return to El Wak. Survey flight El Wak-Ramu 
area 
Survey flight El Wak-Dandu-Banissa area. 
Field checks El Wak-Ramu route 
Field checks along El Wak-Takaba route 
Field checks from Takaba base camp 
Field checks Takaba-Wajir route 
1 • 
12 July 
13 July 
14 July 
14 July 
15-16 July 
17-21 July 
22-23 July 
24-28 July 
29 July-23 August 
24 August 
25 August 
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Travel Wajir-Habaswein-Garissa 
Travel Garissa-Nairobi 
Return equipment. Meeting with Mr. De Souza 
on map preparation Marsabit District . 
Map and report preparation Samburu 
Le ave 
Map and report preparation Samburu, meeting 
with Dr . Herlocker 
Le ave 
Arrangements for cartography Marsabit 
Survey - meetings with Mr. de Souza, 
Geograph. Dept. University of Nairobi. 
Meeting with Dr. Walther 
Le ave 
Travel Nairobi-Athens 
Athens-Amsterdam 
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ANNEX III: Terms of reference 
1. The area investigation includes the Districts Wajir , 
Mandera and Garissa . 
2 . Fieldwork will be complemented by desk work on soils . 
3 . Fieldwork will include certified spatial occurance of 
generalized soil types in more than one land unit . 
4. To point out erodibility or performJnce to erodibility 
and erosion hazards by wind/water. This is necessary for 
the number of stock which might be considered to use one 
specific area . 
5. To improve knowledge on soils during fieldwork , whenever 
possible, especially in respect to soil fertility, which 
might effect growing performance of forage plants. 
6. Information on the performance (soil fertility etc.) of 
eroded soils should be given. 
7. Recommendations should be given where to protect the soil 
(i.e. which soil type and Range unit). 
8. Geomorphological occurrence of the major units such as 
slope gradients and exposure should be included . 
9. To assis~ i n mapping Range units (vegetation included). 
10. To cooperate with the other scientists expecially during 
field work. 
11. Results: 
11.1 Generalized draft maps (as produced for Marsabit 
District) of related soils of the indicated areas. 
11.2 Description of the newly grouped soils which is easily 
understandable and usable by related (non-soil trained) 
personnel. 
11 . 3 Description of soil fertility - if possible with the 
present informations available and the informations 
collected during field work and its consequences for the 
use of a particular Range. 
11.4 Generalized maps of the Districts Wajir, Mandera and 
Garissa. 
11.5 Concise descriptions on the grouped soils of the above 
districts. 
11.6 Suggestions for further work/research. 
Note: 
If it is necessary to get analysis of soils - esp. soil 
fertility-arrangements with N.A.L. and KSS will be done . 

